Objective: Disruptions in stress response system development have been posited as mechanisms linking child maltreatment (CM) to psychopathology. Existing theories predict elevated sympathetic nervous system reactivity after CM, but evidence for this is inconsistent. We present a novel framework for conceptualizing stress reactivity after CM that uses the biopsychosocial model of challenge and threat. We predicted that in the context of a social-evaluative stressor, maltreated adolescents would exhibit a threat pattern of reactivity, involving sympathetic nervous system activation paired with elevated vascular resistance and blunted cardiac output (CO) reactivity. Methods: A sample of 168 adolescents (mean age =14.9 years) participated. Recruitment targeted maltreated adolescents; 38.2% were maltreated. Electrocardiogram, impedance cardiography, and blood pressure were acquired at rest and during an evaluated social stressor (Trier Social Stress Test). Pre-ejection period (PEP), CO, and total peripheral resistance reactivity were computed during task preparation, speech delivery, and verbal mental arithmetic. Internalizing and externalizing symptoms were assessed. Results: Maltreatment was unrelated to PEP reactivity during preparation or speech, but maltreated adolescents had reduced PEP reactivity during math. Maltreatment exposure (F(1,145) = 3.8Y9.4, p = .053YG.001) and severity (A = j0.10Y0.12, p = .030Y.007) were associated with significantly reduced CO reactivity during all components of the stress task and marginally associated with elevated total peripheral resistance reactivity (F(1,145) = 3.8Y9.4; p = .053YG.001 [A = 0.07Y0.11] and p = .11Y.009, respectively). Threat reactivity was positively associated with externalizing symptoms. Conclusions: CM is associated with a dysregulated pattern of physiological reactivity consistent with theoretical conceptualizations of threat but not previously examined in relation to maltreatment, suggesting a more nuanced pattern of stress reactivity than predicted by current theoretical models. Key words: child maltreatment, childhood adversity, autonomic nervous system, stress reactivity, internalizing, externalizing. CM = child maltreatment; HPA = hypothalamic-pituitary-adrenal; SAM = sympathetic-adrenal-medullary; SNS = sympathetic nervous system; CO = cardiac output; TPR = total peripheral resistance; TSST = Trier Social Stress Test; ECG = electrocardiogram; ICG = impedance cardiographic; PEP = pre-ejection period.
INTRODUCTION
A dverse childhood experiences are potent risk factors for psychopathology in childhood and adolescence (1Y4). Child maltreatment (CM) has particularly strong associations with both internalizing and externalizing disorders (1, 3) . Disruptions in the development of stress response systemsVincluding the hypothalamic-pituitary-adrenal (HPA) axis and sympathetic nervous system (SNS)Vhave frequently been posited to be a central neurodevelopmental mechanism underlying these associations (5Y7). Specifically, exposure to traumatic stress during HPA and SNS development is thought to lead to lasting alterations in the functioning of these systems, culminating in heightened risk for psychopathology.
The effects of early-life adversity on the development of physiological systems have been well characterized in animals. In rodent and nonhuman primate models, the primary method used to experimentally induce early-life adversity has been prolonged separation of the animal from its mother (8, 9) . Exposure to this type of adversity is associated with hyperreactivity of the HPA axis and SNS in adolescence and adulthood, and elevations in anxiety, fearful behaviors, and aggression (8Y11).
The consistency of evidence from animal models contrasts with human studies, where a remarkably mixed set of findings have emerged. Most human studies have focused on HPA axis activation. Although some studies document elevated cortisol and adrenocorticotropic hormone reactivity after CM (12Y14), numerous studies find that children and adults who were maltreated exhibit blunted cortisol reactivity (15Y19). Fewer studies have examined CM and SNS reactivity. Of these, some report heightened SNS reactivity after high levels of family adversity, whereas others observe no association (20Y23). More complicated patterns of stress reactivity after CM have also been found. For example, one study reported a strong association between HPA axis and SNS responses to an active stressor in nonmaltreated children, but no association of responses across systems in maltreated children (19) .
Multiple theories have been developed to account for patterns of physiological reactivity after exposure to adverse earlylife environments. Biological sensitivity to context theory (24) argues that high reactivity can emerge in the context of extreme adverse environments and in environments that are nurturing and supportive, and that elevated physiological reactivity should be associated with negative outcomes in adverse environments and positive adaptation in supportive environments (20, 25, 26 ). An extension of this theory, the adaptive calibration model, describes a wider variety of stress response system profiles that may emerge depending on the severity and chronicity of early-life adversity (27, 28) . Although existing theories are supported by evidence from studies of children exposed to less extreme forms of adversity (20, 26, 28) , they do not explain the disparate findings with regard to CM specifically. Biological sensitivity to context argues that extreme adverse environments should lead to elevated physiological reactivity (24) , and adaptive calibration posits that, due to evolutionary sex differences in optimal reproductive strategies in environments characterized by extreme threat, elevated physiological reactivity among females and blunted reactivity among males should be observed after traumatic stressors (27) . Neither of these models explains the diversity of findings regarding physiological reactivity in maltreated children.
We propose that inconsistency of current models with stress reactivity patterns after CM may be accounted for by a lack of specificity in existing descriptions of SNS responses (i.e., as either elevated or blunted). To overcome this limitation, we examine the association between CM and physiological reactivity using a theoretical approach that differentiates between adaptive and maladaptive SNS responses to acute stressful situations. Specifically, we apply the biopsychosocial model of challenge and threat (29) , a theory built on prior animal and human work on physiological ''toughness'' (30) and Lazarus and Folkman's (31) coping theory and supported by substantial evidence in social and health psychology (32Y34), to the study of CM. This theory argues that patterns of appraisal and cardiovascular responses during tasks that require instrumental cognitive responses (i.e., active tasks) can be used to distinguish between approach (i.e., challenge) and withdrawal (i.e., threat) responses (29, 33) . Challenge responses are characterized by appraisals that one's resources exceed situational demands and a pattern of cardiovascular reactivity involving increased SNS activation paired with low levels of vascular resistance and increased cardiac output (CO) (29, 33) . Conversely, threat responses are associated with appraisals that situational demands outweigh one's resources and a cardiovascular pattern characterized by increased SNS activation (though typically less than observed in challenge states), increased vascular resistance, and less cardiac efficiency (i.e., little to no increases in CO) (33, 35) . The threat response is viewed as maladaptive because vascular resistance interferes with the delivery of oxygenated blood to the brain and peripheral tissues to facilitate performance in demanding situations. Indeed, threat responses are associated with negative cognitive and affective responses to stress and poor behavioral performance in a variety of active stress tasks (36Y38).
The purpose of the current study was to determine whether CM is associated with a threat pattern of physiological reactivity in adolescence during a social-evaluative stressor, the Trier Social Stress Test (TSST) (39) . We anticipated that adolescents exposed to physical, sexual, or emotional abuse would be more likely to exhibit a threat pattern of cardiovascular reactivity during the stressor. We further predicted that CM would be associated with cognitive appraisals indicating greater demandsVthat the task was more stressful, more difficult, and required more effort. Given that sex differences in stress reactivity emerge during adolescence (40) and are expected after traumatic stress based on crevailing theoretical models (27) , we examined whether these associations varied by sex. Finally, we examined whether cardiovascular reactivity (CO and total peripheral resistance [TPR]) were associated with internalizing and externalizing symptoms. We anticipated that threat reactivity (low CO and high TPR reactivity) would be associated with greater symptoms.
METHODS Sample
A community-based sample of 168 adolescents aged 13 to 17 years was recruited for participation at schools, after-school programs, medical clinics, and the general community in Boston and Cambridge, MA, between July 2010 and November 2012. Recruitment efforts were targeted at recruiting a sample with high variability in exposure to CM. To do so, we recruited heavily from neighborhoods with high levels of violence and from clinics that served a predominantly low-socioeconomic-status catchment area. Adolescents taking medications known to influence cardiovascular functioning were excluded (n = 4). The sample was 56.0% female (n = 94) and had a mean (standard deviation) age of 14.9 (1.36) years. All females were postmenarchal. Racial/ethnic composition of the sample was as follows: 40.8% white (n = 69), 18.34% black (n = 31), 17.8% Hispanic (n = 30), 7.7% Asian (n = 13), and 14.8% biracial or other (n = 25). Approximately one-third of the sample (40.1%;n = 63) was from single-parent households; 26.8% (n = 42) were living below the poverty line. Poverty was assessed with parent-reported information on family income and size. Poverty thresholds were defined according to US Census Bureau guidelines for 2011. Equipment malfunctions resulted in loss of autonomic data from eight participants. An additional three participants were excluded from analysis because of heart murmur (n = 1), severe cognitive impairment (n = 1), and pervasive developmental disorder (n = 1). The final analytic sample included 157 participants. All procedures were approved by the institutional review board at Harvard University and Boston Children's Hospital.
Child Maltreatment
Child abuse was assessed using a self-report questionnaire, the Childhood Trauma Questionnaire (CTQ) (41) , and an interview, the Childhood Experiences of Care and Abuse (CECA) interview (42, 43) . The CTQ is a 28-item scale that assesses the frequency of maltreatment during childhood and adolescence. Three types of abuse are assessed: physical, sexual, and emotional. The CTQ has excellent psychometric properties including internal consistency, test-retest reliability, and convergent and discriminant validity with interviews and clinician reports of maltreatment (41, 44) . We created a maltreatment severity composite by summing items from each of the abuse subscales. This composite demonstrated good reliability in our sample (> = .88). The CECA assesses multiple aspects of caregiving experiences, including physical and sexual abuse. Interrater reliability for maltreatment reports is excellent, and multiple validation studies suggest high agreement between siblings on reports of maltreatment (42, 43) .
We used the CECA and the CTQ to create a dichotomous indicator of abuse exposure. Participants who reported physical or sexual abuse during the interview or who had a score on any of the three CTQ abuse subscales above a previously identified threshold (45) were classified as having experienced abuse. A total of 38.2% of the sample experienced abuse using this threshold as compared with population-based estimates of 12.5% to 20.0% (1, 46) , reflecting our efforts to recruit maltreated children. No participant was currently experiencing maltreatment, and the proper authorities were contacted in cases where we had safety concerns.
another pair encircled the torso. A continuous 500-KA AC 95-kHz current was passed through the two outer electrodes, and basal thoracic impedance (z0) and the first derivative of basal impedance (dz/dt) were measured from the inner electrodes. A Biopac MP150 integrated the ECG and impedance cardiography (ICG) signals, sampled at 1.0 kHz, using Acqknowledge software. A Colin Prodigy II oscillometric blood pressure machine (Colin Medical Instruments, San Antonio, TX) was used to obtain blood pressure recordings at predetermined times during the study.
ECG and ICG data were scored by raters unaware of maltreatment status. Signals were averaged into 1-minute epochs using Mindware Software (Mindware Technologies, Gahanna, OH). The combination of this equipment allowed us to estimate the target physiological variables. Stroke volume (SV), estimated from the dz/dt signal, provides an estimate of the amount of blood ejected from the heart on each cardiac cycle. CO for each minute was calculated as SV Â heart rate. Because accurate scoring of ICG data requires manual placement of the B point (opening of the aortic valve) (47) , these data were scored by two independent raters. SV differences of more than 5% (present in 8.2% of minutes scored) were reviewed and adjudicated by the first author (K.M.). We calculated TPR using the standard formula (mean arterial pressure/CO) Â 80 (48) . Pre-ejection period (PEP), a measure of SNS activation representing the amount of time that elapses from the beginning of ventricular depolarization to the opening of the aortic valve (electrical systole), was calculated based on the ECG and ICG signals. The Q-onset in the ECG was placed using a validated automated scoring algorithm (49) that was visually inspected to ensure accurate placement and adjusted if needed.
Cognitive Appraisals
Participants completed appraisals of the degree of demands and resources they anticipated and experienced before and after the TSST using a measure of cognitive appraisals used in studies of challenge and threat (37, 50) . Item wording was modified slightly from pretask (e.g., ''The upcoming task will take a lot of effort to complete'') to posttask (e.g., ''The task took a lot of effort to complete''). Each item was rated on a 1-to 7-point scale. Items representing situational demands (e.g., ''The upcoming task is difficult'') and personal resources (e.g., ''I have the abilities to perform the upcoming task successfully'') were summed separately and demonstrated good reliability (> = .77 and .81, respectively). Previous experimental studies of adults have shown that greater pretask demand appraisals are associated with a threat pattern of cardiovascular reactivity and that instructing participants to engage in reappraisal to generate resource rather than demand appraisals results in a more adaptive pattern of cardiovascular reactivity (33, 37) .
Internalizing and Externalizing Symptoms
Internalizing and externalizing symptoms were assessed using the Youth Self Report form of the Child Behavior Checklist (CBCL) (51) . The CBCL scales are among the most widely used measures of youth emotional and behavioral problems and use extensive normative data to generate age-standardized estimates of severity of internalizing and externalizing symptoms. These scales have demonstrated validity in discriminating between youths with and without psychiatric disorders (51Y53).
Procedure
Baseline physiological data were collected during a 5-minute period in which participants were asked to sit quietly. Adolescents then completed questionnaire and interview measures assessing CM and psychopathology. Informed consent was obtained from the parent/guardian who attended the session, and assent was provided by adolescents.
Participants completed the TSST (39), a widely used stress induction procedure that has been used with children and adolescents (54, 55) . The TSST involves three periods. After being told they would be delivering a speech in front of trained evaluators who would judge their performance, participants completed measures of pretask appraisals and were given 5 minutes to prepare their speech. In the current study, participants were asked to talk about the qualities of a good friend and which of those characteristics they did and did not possess. Next, participants delivered a 5-minute speech in front of two evaluators. Evaluators were trained to provide neutral and mildly negative feedback (e.g., appearing bored) during the speech. Finally, participants completed mental subtraction out loud in front of the evaluators for 5 minutes. Specifically, participants were asked to count backward in steps of seven from a three-digit number and were stopped and asked to start again each time they made a mistake. Posttask appraisals were assessed immediately after the end of the math task. ECG and ICG recordings were measured continuously across each period; blood pressure recordings were sampled during the first and fourth minutes of each period.
Statistical Analysis
We examined the associations of CM with cardiovascular reactivity and appraisals using univariate analyses of covariance with CM as a betweenparticipant factor. Cardiovascular reactivity scores were created by subtracting the baseline value of each physiological parameter from the first minute of each task (preparation, speech, math), which is standard practice (33, 37, 47) . Each model controlled for baseline values of the physiological parameter of interest (to control for baseline differences between groups), and covariates included age, sex, single-parent household, and poverty. Next we examined the continuous measure of maltreatment severity as a predictor of cardiovascular reactivity using linear regression and the same covariates described above. Primary analysis focused on the two parameters that consistently differentiate challenge and threat responses: CO and TPR. TPR values were skewed and were log transformed for analysis. We also examined differences in PEP reactivity, which differentiates threat and challenge profilesVgreater PEP reactivity in challenge states than threat statesValthough less consistently than CO and TPR (56) . Analysis of appraisals reported before and after the TSST was also conducted. We evaluated whether the associations of CM with cardiovascular reactivity and appraisals varied by sex by creating interaction terms between sex and CM exposure and severity. Finally, we evaluated whether cardiovascular reactivity was associated with internalizing and externalizing symptoms using linear regression. Table 1 provides sociodemographics and baseline physiological characteristics of the sample for adolescents with and without maltreatment exposure. Maltreated adolescents were more likely to be female (63.6%) and older (mean age =15.2 years) than nonmaltreated adolescents (51.0% female, mean age = 14.7 years). CM was unassociated with baseline physiological characteristics, with the exception of diastolic blood pressure (Table S1 , Supplemental Digital Content 1, http://links.lww.com/PSYMED/A156).
RESULTS

Descriptive Statistics
CM and Cardiovascular Reactivity
Our primary hypothesis was that CM would be associated with a profile of cardiovascular reactivity consistent with threat. We first examined changes in PEP to determine if participants experienced SNS activationVa requirement for examining the challenge/threat distinction. Significant increases in SNS activation (i.e., lower PEP than baseline based on paired-samples t tests) were observed during the preparation (t = 9.35, p G .001), speech (t = 13.78, p G .001) and math (t = 11.52, p G .001) periods (Table 2; see Table S2 , Supplemental Digital Content 1, http://links.lww.com/PSYMED/A156, for reactivity values for all physiological parameters). During the math period only and consistent with the challenge and threat distinction, maltreated adolescents exhibited significantly less PEP reactivity than nonmaltreated adolescents (F(1,145) = 4.56, p = .034).
We next turned to the variables that consistently differentiate challenge and threat (Fig. 1) . Maltreated adolescents exhibited
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a significantly different pattern of CO reactivity from controls. Specifically, maltreatment exposure was associated with smaller increases in CO during the preparation (F(1,145) = 9.94, p = .002), speech (F(1,145) = 3.80, p = .053), and math (F(1,145) = 5.88, p = .017) portions of the TSST ( Table 2) . Effects of CM with TPR reactivity were weaker. CM was significantly associated with TPR increases during the preparation period (F(1,145) = 3.94, p = .049) but was unrelated to TPR increases SBP = systolic blood pressure; DPB = diastolic blood pressure; MAP = mean arterial pressure; HR = heart rate; PEP = pre-ejection period; SV = stroke volume; CO = cardiac output; TPR = total peripheral resistance; M = mean; SD = standard deviation. * p G .05, two-sided test. during the speech (F(1,145) = 2.23, p = .13) and math (F(1,145) = 1.26, p = .27). We then examined these same cardiovascular reactivity variables using a continuous indicator of CM severity. Higher severity of CM was associated with smaller increases in CO during the preparation (A = j0.12, p = .007), speech (A = j0.10, p = .030), and math (A = j0.11, p = .012) periods, controlling for baseline CO (Table 2 ). Higher maltreatment severity was significantly associated with TPR increases during the preparation (A = 0.11, p = .009) and marginally associated with TPR reactivity during the speech (A = 0.07, p = .11) and math (A = 0.08, p = .053) periods.
Interactions between sex and maltreatment were added to these models. None of these interactions were significant.
CM and Demand Appraisals
CM exposure was unrelated to demand appraisals before the TSST (F(1,148) = 0.78, p = .38) or after the speech (F(1,148) = 0.08, p = .78) but was associated with greater demand appraisals related to math (F(1,148) = 5.41, p = .025). CM severity was unrelated to demand appraisals. No associations were observed in predicting resource appraisals or interactions between sex and maltreatment in predicting appraisals.
Cardiovascular Reactivity and Symptoms
CM was associated strongly with both the internalizing and externalizing symptoms (Table 3) . We then examined if psychopathology was related to cardiovascular reactivity. CO reactivity was related to externalizing, but not internalizing, symptoms (Table 4) . CO reactivity was negatively related to externalizing symptoms, and TPR reactivity was positively related to externalizing symptomsVincluding conduct disorder, oppositional defiant disorder, and attention-deficit hyperactivity disorder symptoms. This pattern was observed for CO during all three portions of the TSST and for TPR reactivity during speech and math.
DISCUSSION
Disruptions in the development of stress response systems have been posited to be a central mechanism underlying the association between CM and psychopathology (5,7). However, patterns of HPA axis reactivity observed among youths exposed to maltreatment have varied widely across studies (13Y16, 18) , and relatively few investigations have examined associations of maltreatment and SNS reactivity. As a result, considerable gaps exist between prevailing theories and existing evidence of how CM influences physiological reactivity. We extend this literature 
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in several important ways. First, we applied a well-validated theoretical model that differentiates between approach and withdrawal responses to psychosocial stress that has not previously been used in the study of CM. Specifically, we expected that CM would be associated with a threat pattern of cardiovascular reactivity characterized by heightened peripheral resistance and blunted CO reactivity (29, 33) . Our findings supported these hypotheses. Second, we evaluated whether this threat pattern of reactivity was related to adolescent internalizing and externalizing symptoms. Threat reactivity was positively associated with externalizing but not internalizing symptoms. Finally, we examined patterns of cardiovascular reactivity to a social stressor during adolescence, a developmental period that has been studied less frequently with regards to CM and stress reactivity. Why might CM be associated with this physiological response pattern? Experiences of abuse are often associated with the potential for physical harm and low control over the situation. Chronic exposure to this type of environment is likely to influence perceptions of control, which have been shown to predict stress responses in youths (57) . Low perceived control associated with CM exposure might lead to greater threat perceptions during social stress situations and a physiological response that more closely resembles freezing or immobilization than a fightor-flight response. Threat responses have been linked to freezing behavior in previous studies (50) , reflecting avoidance in a situation where escape is not possible and a fight-or-flight response is unlikely to promote safety (58, 59) . Freezing is characterized by withdrawal, disengagement, and lower levels of sympathetic activation and CO than a fight-or-flight response (58, 60) , consistent with the pattern we observed among maltreated adolescents. The reduced CO and higher TPR even in the context of a robust SNS response to the TSST, as evidenced by a decrease in PEP, provide strong evidence for a threat, or withdrawal, pattern of cardiovascular responding to social stress after CM (29,32Y35). To our knowledge, this is the first study to assess and document this type of dysregulated physiological response among maltreated youths. Thus, exposure to CM might result in heightened perceptions of danger or underestimations of one's own capabilities, which trigger a dysregulated physiological response, even in the context of relative safety.
What are the implications of this type of autonomic response? Although such a response might be adaptive in the context of legitimate threats to survival, the pattern of threat responses associated with CM in the current study has been linked to a variety of adverse functional outcomes, including poor decision making in emotional situations (61) , accelerated aging (62) , and low levels of positive approach-oriented behavior (33) . This pattern of physiological reactivity is also associated with other markers of negative emotional reactivity, such as resting frontal electroencephalogram asymmetry in the alpha frequency band favoring the right hemisphere (63) . Physiological threat responses are related to heightened negative affect in response to stress and poor behavioral performance in multiple types of situationsV particularly cognitively demanding tasks (36Y38). Together, these findings suggest that this profile of reactivity may have negative downstream effects on multiple aspects of cognitive, affective, and behavioral functioning. Indeed, CO and TPR reactivities were associated with multiple types of externalizing symptoms. To our knowledge, these findings are novel and suggest that threat responses might have implications for mental health. Disruptions in perceptions of threat are common in conduct disorder and oppositional defiant disorder (64, 65) . This is primarily true for cases in which symptoms are associated with negative developmental environments but not genetic risk or callous-unemotional traits (66) . It is possible that persistent threat appraisals paired with low confidence in one's capabilities and dysregulated physiological responses increase risk for reactive forms of aggression. Prior research has documented reduced PEP reactivity among children with disruptive behavior disorders (67) , which is compatible with the higher TPR reactivity seen in the threat response as an increase in TPR tends to blunt PEP reactivity through afterload effects. The degree to which this pattern of reactivity represents a vulnerability factor versus consequence of psychopathology remains to be determined. We provide novel evidence linking CM to maladaptive patterns of autonomic reactivity, as defined in the biopsychosocial model of challenge and threat. This model provides a theoretical framework for identifying maladaptive patterns of stress reactivity across a variety of contexts (29, 33) , which could inform other theories such as the biological sensitivity to context (24) or adaptive calibration models (27) in terms of describing more specific patterns of physiological dysregulation associated with environmental adversity. The pattern of findings observed here differs from the predictions of these theories. In regard to the biological sensitivity to context, we found no evidence for elevated PEP reactivity among maltreated adolescentsVin fact, CM was associated with reduced PEP reactivity during the math task. This is consistent with evidence of lower PEP reactivity in threat than challenge states (33) , likely reflecting the fact that increases in peripheral resistance are associated with increases in PEP. With regard to the adaptive calibration model, we found no sex differences in the association of CM with cardiovascular reactivity. One difference between our work and other studies supporting these models is that previous investigations have focused on younger children (28) . Given the developmental changes in stress reactivity that occur during adolescence, it will be important for future studies to replicate our findings in younger samples.
Although the pattern of physiological reactivity among maltreated adolescents was consistent with our hypotheses, some predictions were only partially supported. Vascular resistance patterns were only marginally different between groups. This likely occurred because we used a noncontinuous blood pressure machine, which obtained blood pressure readings at prespecified intervals during the task rather than continuously. Continuous blood pressure readings would have allowed us to obtain hemodynamic responses more unobtrusively than the method we used. Furthermore, maltreated adolescents reported greater demand appraisals regarding the math task, but not in anticipation or in response to the speech. Because the speech always preceded the math task, this may be due to the expectation that evaluators would be kinder or more encouraging than they actually were, and the math task appraisals thus reflect the experience of a rejecting audience combined with a novel math task. Although associations between cognitive appraisals and physiological reactivity have been documented in adults (33, 37) , evidence suggests that this relationship is absent in adolescents (68) . This might be related to a delay in the development of higher-order cognitive processes that facilitate emotional awareness relative to the developmental increases in physiological reactivity to social/evaluative stressors during adolescence (55) . Replication of our findings in samples of adults is an important goal for future research.
This study is also limited by a cross-sectional design that does not allow us to determine whether patterns of hemodynamic reactivity are associated prospectively with symptoms. Thus, it is possible that elevated peripheral resistance and lower CO are a consequence rather than determinant of externalizing symptoms. Future prospective studies of the biopsychosocial model are needed to determine the direction of effect. Second, symptoms were assessed using the CBCL scales rather than a diagnostic interview. Determining whether the patterns of cardiovascular reactivity observed here are related to psychiatric disorders is another important goal for future research. Finally, the effect sizes for associations of CM with CO and TPR were moderate in magnitude. Replication of the patterns observed here in future studies is therefore warranted.
CM is associated with maladaptive patterns of cardiovascular reactivity to psychosocial stress in adolescence. The biopsychosocial model of challenge and threat is a useful theoretical framework through which to interpret patterns of cardiovascular reactivity after CM and may help to reconcile inconsistent findings in previous studies. Our finding that these maladaptive responses are one mechanism linking CM to externalizing symptoms is consistent with previous neuroimaging and behavioral findings of enhanced threat perceptions in children with externalizing disorders. We extend this literature by documenting a psychophysiological signature associated with enhanced threat perception that might prove useful in future studies of both CM and externalizing psychopathology. 
